INTRODUCTION
============

Protein structures are stabilized by numerous non-covalent interactions, e.g. hydrophobic, hydrogen bonding, electrostatic and van der Waals interactions ([@b1],[@b2]). Hydrophobic interactions are believed to be the driving force behind protein folding and stability ([@b3]). The cooperative, non-covalent and long-range interactions between residues provide stability for resisting the local tendency to unfold ([@b4],[@b5]). It has also been reported that the stabilizing residues (SRs) show high conservations among protein sequences. These aspects suggest that by combining (i) surrounding hydrophobicity ([@b6]), (ii) a quantitative measure of the number of long-range residue--residue contacts \[quantified by means of long-range order (LRO)\] ([@b7]), (iii) stabilization centers ([@b8],[@b9]) and (iv) conservation score ([@b10]), the SRs in protein structures could be predicted. We, therefore, developed a consensus approach for locating them in TIM-barrel proteins ([@b11]). As thermodynamic and kinetic experiments show ([@b12],[@b13]), SRs identified by our algorithm have a significant role in the stabilization of protein structures. Thus, we believe that our definition of SRs can be a useful tool for scientists in the exploration of structural stability of proteins. For example, our TIM-barrel study suggested that the structure of most TIM-barrel proteins is stabilized by SRs, which appear in the inner core of β-strands and act as a skeleton of the protein. Most of the TIM-barrel proteins are enzymes or have functions that need a high level of flexibility for biochemical reactions, but at the same time they have high stability to ensure a long lifetime. By making a stable and rigid inner core and a flexible outer region of the barrel, this topology can satisfy both requirements.

In this paper, we extend this approach to all globular protein structures. We have computed surrounding hydrophobicity, LRO and involvement in stabilization center directly from 3D structures of proteins deposited in Protein Data Bank ([@b14]) and conservation score from the alignment of sequences available in Swiss-Prot database ([@b15]). Threshold values for each factor have been imposed to identify SRs. We have developed a web server for identifying SRs from protein 3D structures. Users can also select their own threshold values for each parameter to identify SRs. Using the default values, the results obtained for TIM-barrel proteins may slightly differ from the published ([@b11]) results. The difference can be accounted to the following facts. First, in the SRide server, we use more accurate values for the van der Waals atom radii ([@b16]). This influences if a residue is classified as SC, or not. Second, the conservation scores calculated with our server differs slightly from the scores calculated with the ConSurf server. This could be probably due to the fact that we use a more current version of the ClustalW alignment program ([@b17]).

IDENTIFICATION OF SRs
=====================

We checked that the four criteria mentioned above were satisfied according to the definitions given and justified in our earlier papers ([@b7]--[@b11]).

Surrounding hydrophobicity
--------------------------

Surrounding hydrophobicity of a residue *i* \[*H*~P~(*i*)\] is calculated as the sum of hydrophobic indices, obtained from thermodynamic transfer experiments, of residues whose C~α~ atoms are within the distance of 8 Å from the C~α~ atom of residue *i*: $$H_{\text{P}}\left( i \right) = \sum\limits_{j = 1}^{20}{n_{ij}h_{j}}$$ where *n~ij~* is the total number of surrounding residues of type *j* around residue *i* of the protein, and *h~j~* is the hydrophobic index of residue type *j*, in kcal/mol listed in ([@b18]).

Long-range order
----------------

The LRO of a residue *i* is the number of long-range contacts of this residue counted in the following way: $$\text{LRO}_{i} = \sum\limits_{j = 1}^{N}{n_{ij}/N};\ n_{ij} = 1,\ \text{if}\ \left| {i - j} \right| > 12;\ n_{ij} = 0\ \text{otherwise},$$ where *i* and *j* are two residues, in which the C~α~ distance between them is ≤8 Å, and *N* is the total number of residues in the protein.

Stabilization center
--------------------

SC residues are defined by considering the contact map of a protein. Two residues are in contact if there is at least one pair of heavy atoms with a distance less than the sum of the van der Waals radii of the two atoms plus 1.0 Å. A contact is considered long-range if it is between residues that are separated by at least 10 residues in the amino acid sequence. Two residues are SC elements if they are involved in long-range contacts and if at least one supporting residue can be found in each of the flanking tetra-peptides of these residues, in such a way that at least seven out of the possible nine interactions are formed between the two triplets ([@b8]). Stabilization centers are identified according to the definition of SC. These can also be obtained using the public server SCide (<http://www.enzim.hu/scide>) ([@b9]). If a residue is involved in a stabilization center, its SC value becomes 1, and 0 otherwise.

Conservation scores of residues
-------------------------------

Conservation of residues is identified by comparing the sequence of PDB ([@b14]) entries with sequences deposited in Swiss-Prot ([@b15]) using a local implementation of the public server ConSurf ([@b10]) (<http://consurf.tau.ac.il>). The ClustalW ([@b17]) aligned homologous sequences found by PSI-BLAST ([@b19]) are used to calculate the measure of conservation by the Rate4Site algorithm ([@b20]). Residues are classified into nine categories according to their real conservation score. A score of 1 represents the most variable residues and a score of 9 represents the most conservative ones.

THE CONSENSUS APPROACH
======================

The SRs in the 3D structure of a protein are delineated with certain threshold values for each term (i.e. SR is the one in which the values for all these four parameters are equal to or greater than the specified threshold values). In our study of TIM-barrel proteins ([@b11]), we have used the following conditions to predict the SRs: (i) *H*~P~ ≥ 20 kcal/mol; (ii) LRO ≥ 0.02; (iii) SC ≥ 1; and (iv) conservation score ≥6. The same threshold values have been used in SRide by default. The identified SRs represent a few percentages of all residues in a protein. The actual abundance varies from protein to protein. For example, our recent survey showed that in 63 TIM-barrel proteins, only 4.0% of the residues (i.e. 957 residues out of 23 968) were identified as 'stabilizing residues'. Users who prefer to apply stricter or more relaxed conditions in the definition of SRs can adjust the thresholds in the server accordingly.

INPUT AND OUTPUT DATA OF THE SRide SERVER
=========================================

The input of the SRide server is the atomic coordinate file of the protein to be analyzed. It can be specified by providing the four-letter PDB code. Alternatively, it can be any other atomic coordinate file in PDB format uploaded directly by the user. This second option is mainly for those who want to analyze structures obtained by homology modeling or other computational approaches. Calculations are carried out on the selected protein chain, and inter-chain interactions are not taken into account to calculate LRO, *H*~P~ and SC properties.

The output of the server is a list of the sequences used to calculate the conservation score and the list of the SRs, together with the *H*~P~, LRO and conservation score values. The output is sent to the user via email because calculating the conservation score is rather time consuming (it can take several minutes).

To avoid submissions with non-existent email addresses, the user must complete a simple registration procedure. In this registration procedure, only one email address must be given and this is the address to which a registration code is sent. When the registration code is copied back into the proper field of the registration page, the email address will be enabled to place submissions.

The SRide server is located at <http://sride.enzim.hu>.
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